I. Introduction
The most important hot-mix asphalt (HMA) property influencing the structural response of a flexible pavement is the HMA stiffness modulus (E HMA ) (Garcia and Thompson, 2007) . Thus, flexible pavement design methods based on elastic theories require that the elastic properties of the pavement materials be known; Brown and Foo (1989) .
In highway engineering design of flexible pavements, material characterization is such an important aspect that precedes the actual design of the pavement. The term characterization of pavement materials refers to the evaluation of the properties of the individual materials that make up the pavement. Also, it includes evaluating the properties of the pavement as a conglomerate such that its performance during use is sufficient to sustain the various loading conditions (traffic, thermal, moisture, wind etc) during the design period without deterioration, deformation or failure. The importance of pavement characterization of the material make-up is that it helps the engineer to know whether or not a material will be suitable to achieve desired results in terms of performance during the design period. A proper knowledge of material characterization helps to compensate for fatigue cracking in the asphalt bound layer of flexible pavements.
It is common knowledge amongst highway engineers that flexible pavements are easily simulated in the laboratory using asphaltic or bituminous mixtures. Therefore, the performance of bituminous mixtures in the laboratory can be used to predict the behaviour of flexible pavements under similar conditions. However, in reality the prediction of the performance of flexible pavement under service condition is one that is challenging to highway engineers due mainly to non-homogeneity of the material make up of the pavement, irregular vehicular loading and varying environmental conditions such as temperature, moisture and oxidation rates (Igwe et al., 2009 ). All of these challenges further buttress the importance of material characterization.
There are various types of tests that are used for material characterization. Examples include -simple flexural beam fatigue test in third point loading of rectangular specimens (Epps and Monismith 1969), cantilever-type loading of trapezoidal specimens (Bonnot 1986 ) and diametral loading in indirect tensile mode (Said, 1998) . According to Mallick and El-Korchi 2013: p280, the Indirect Tensile test by splitting cylindrical specimens is one of the three most important tests used in material characterization of hot mix asphalt concretes (HMA) which simulate flexible pavements. The other two according to their work are resilient modulus and dynamic modulus. The importance of indirect tensile strength test is that it is used to measure the tensile properties of asphalt or bituminous mixtures such that the results can be used for fatigue analysis of pavements (Anderson et al., 2001 and Huang et al., 2008) . Their separate studies reveal that the resistance of bituminous mixtures to fatigue cracking is dependent upon its tensile properties, notably its tensile strength and extensibility characteristics. On the other hand double punch test first develop by (Chen, 1970) to determine the tensile strength of concrete later became an important test for asphalt mixtures too (Chen, 1975) .
The importance of tensile strength properties of asphalt concrete is that it is indicative of the fatigue behavior of asphalt concrete pavement (Igwe, 2015) . Fatigue failure, generally defined as a failure resulting from the repetitive action of loads from traffic moving over the pavement (Romanoschi et al, 2006) . Typically, failure becomes visible, only after a long number of load repetitions, and results initially in the formation of small cracks. These small cracks are initially located in the wheel path and appear as a network of fine cracks. Fatigue failure of the pavement is often believed to start when a fatigue crack initiates at the bottom of the bituminous layers of the pavement, due to local tensile strains, and propagates through the complete thickness of the pavement becoming apparent on the top surface (Robins, 2009) .
The layers in a flexible pavement structure are subjected to continuous flexing as a result of the traffic loads that they carry, resulting in tensile stresses and strains at the bottom of the bituminous layers of the pavement. The magnitude of the strain is dependent on the overall stiffness of the pavement.
Objective:
The objective of the research study was to investigate the effects by way of contribution that rubber latex (natural rubber) will have on the tensile strength (using split cylinder and double punch tests) of hot mix asphalt/bituminous concrete mixtures which are used to represent actual behavior of flexible pavements in reality. The research considered was for a light traffic category represented in the laboratory by compacting specimen at 35 blows on both faces.
Research Significance:
The values of indirect tensile strength from split cylinder test and double punch strength may be used to evaluate the relative quality of bituminous mixtures in conjunction with laboratory mix design, testing and for estimating the resistance to cracking. The results can also be used to determine the resistance to field pavement moisture when results are obtained on both water conditioned and unconditioned specimens (Malhotra, 1967; Kennedy and Hudson, 1968; Marshall and Kennedy, 1974) .
II. Materials and Methods

Sample Collection
The materials used for this study were rubber latex, bitumen, coarse and fine aggregates. The rubber latex used was obtained from Ikot Essien in Ibiono Ibom Local Government Area of Akwa Ibom State in Nigeria while the bitumen used was collected from the Federal Ministry of Works in Rivers State, Nigeria. Commercial aggregates were, however, used. After sampling of the materials, laboratory tests -specific gravity, grading of bitumen and sieve analysis of the aggregates used for mix-proportioning by straight line method were carried out.
Sample Preparation
Samples were prepared using Marshal Design Procedures for asphalt concrete mixes as presented in Asphalt Institute (1981), National Asphalt Pavement Association (1982) and Roberts et al (1996) . The procedures involved the preparation of a series of test specimens for a range of asphalt (bitumen) contents such that test data curves showed well defined optimum values. Tests were scheduled on the bases of 0.5 percent increments of asphalt content with at least 3-asphalt contents above and below the optimum asphalt content. In order to provide adequate data, three replicate test specimens were prepared for each set of asphalt content used. During the preparation of the unmodified asphalt concrete samples, the aggregates were first heated for about 5 minutes before bitumen was added to allow for absorption into the aggregates. After which the mix was poured into a mould and compacted on both faces with 35 blows using a 6.5kg-rammer falling freely from a height of 450mm. Compacted specimens were subjected to density and voids analysis to determine optimum asphalt content.
On the other hand the rubberized asphalt concrete samples were prepared under similar conditions as afore however, with additions of rubber latex at optimum asphalt content at varying amounts 0.5 -3%. Results obtained were then subjected to tensile strength tests using split cylinder and double punch testing techniques.
Indirect Tensile Test using Split Cylinder
The tensile characteristics of bituminous mixtures were evaluated by loading the Marshall specimen along a diametric plane with a compressive load at a constant rate acting parallel to and along the vertical diametrical plane of the specimen through two opposite loading strips. This loading configuration developed a relatively uniform tensile stress perpendicular to the direction of the applied load and along the vertical diametrical plane, ultimately causing the specimen being tested to fail by splitting along the vertical diameter.
A 13 mm (1/2″) wide strip loading was used for 102 mm diameter and 64mm thick specimen to provide a uniform loading with which produced a nearly uniform stress distribution. The static indirect tensile
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DOI: 10.9790/1684-1305023640 www.iosrjournals.org 38 | Page strength of each specimen was determined using the procedure outlined in ASTM D 6931 were a loading rate of 51mm/minute was adopted causing Tensile failure to occur in the sample rather than the compressive failure. Plywood strips were used so that the load is applied uniformly along the length of the cylinder. The compressive load indirectly created tensile load in the horizontal direction of the sample and the peak load at failure of specimen was recorded and was divided by appropriate geometrical factors to obtain the split tensile strength. The theoretical basis for computing the tensile strength of a split cylinder test has been derived from the theory of linear elasticity (Timoshenko, 1934: pp.104-108) for a solid disc as shown below using equation 1:
The theoretical basis for computing the tensile strength of a split cylinder test has been derived from the theory of linear elasticity (Timoshenko, 1934: pp.104-108).
Where; S T = Tensile strength from split cylinder -N/mm 2 P = Maximum load at failure, N t = specimen height immediately before test, mm D = specimen diameter, mm
The procedure was repeated for rubber latex modified bituminous concretes at varying amounts between 0.5 -3.0 percent rubber latex content and peak loads measured at failure to ascertain the effect of rubber latex additions on the indirect tensile strengths of the mixtures.
Double Punch Test
The test was performed by loading concentrically an asphalt concrete cylinder of 64mm height and 102mm diameter top and bottom using two cylindrical steel punches of 25mm diameter at a rate of 25mm/minute until failure occurred. The applied load generated an almost uniform tensile stress across the vertical planes containing the load causing the specimen to split across the planes similar to that of the split cylinder test. The tensile strength was computed by adopting the equation developed by (Chen, 1969) The results from the laboratory and analysis of the results are presented in the tables and figure below; 
IV. Discussions
The results of tensile strength variation from split cylinder and double punch tests with respect to varying rubber latex content is presented in Tables 3 and 4 & Figure 1 above.
The results revealed that the indirect tensile strength of the asphalt concretes from split cylinder test increased with increasing rubber latex content from approximately 0.15N/mm 2 at 0% rubber latex content to an optimum of approximately 0.32N/mm 2 at 1.5% rubber latex content for a light traffic category (see Table 3 & Figure 1 ). However, further increase in rubber latex content resulted in a decrease in tensile strength of the asphalt concrete from the split cylinder test.
In similar manner results from Table 4 & Figure 1 revealed that the tensile strength of the asphalt concretes from double punch test increased with increasing rubber latex content from approximately 0.12 N/mm 2 at 0% rubber latex content to an optimum of approximately 0.28N/mm 2 at 1.5% rubber latex content for a light traffic category. However, further increase in rubber latex content resulted in a decrease in tensile strength of the asphalt concrete from the double punch test. 
V. Conclusions
From the laboratory test results obtained including analysis made the following conclusions are drawn; i. That rubber latex contributes significantly to tensile strength of hot mix asphalt for both split cylinder indirect tensile strength test and double punch indirect tensile strength test ii. Tensile strength of the asphalt concretes from split cylinder test increased with increasing rubber latex content to a threshold value of 1.5% rubber latex content iii. Tensile strength of the asphalt concretes from double punch test increased with increasing rubber latex content to threshold value of 1.5% rubber latex content iv. Rubber latex addition caused a 113% increase in the tensile strength of the asphalt concretes from split cylinder test v. Rubber latex addition caused a 133% increase in the tensile strength of the asphalt concretes from double punch test vi. The results revealed that tensile strength from split test were higher than those from double punch test
